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1	Introduction
In this paper, we discuss Automatic Frequency Control (AFC) related effects of a wrong assumption about the synchronization frequency during the initial cell selection.

2	Discussion

NR's synchronization raster for the LTE refarming bands
     N·900 kHz + M·5 kHz where N is a natural number and M takes the values of -1, 0 and 1
was specified assuming that the SSB can be shifted inside a NR carrier with a granularity of 15 kHz. However, there are two exceptions: bands n5 and n66. In these bands, carriers are allowed to permanently use a SCS of 30 kHz as single numerology, resulting in a minimum step size of 30 kHz for shifting the SSB inside the carrier if the SSB shall have the same subcarrier grid as the PDSCH. These exceptions triggered a discussion about NR's synchronization raster for the LTE refarming bands w.r.t.
· the optimum size of the possible frequency offsets around multiples of 900 kHz [1],
· the effects of a frequency offset between the received and the assumed synchronization frequency and
· the need for signalling the frequency offset in the RMSI [2].

The frequency offsets of 5 kHz are substantially smaller than the inaccuracy of the UE's Rx frequency after power-on. Hence the UE cannot easily detect which of the 3 possible synchronization frequencies around a multiple of 900 kHz is used. The motivation for and big advantage of this choice is that the UE can check for a SS on any of these 3 synchronization frequencies in one go because the frequency offset range in which the UE searches for a SS is only a little bit larger than the range needed to compensate the crystal oscillator's initial inaccuracy. This speeds the initial cell selection considerably up and saves energy.

To achieve a sufficient frequency and time accuracy, a UE's AFC uses the serving cell's DL frequency to fine-tune its crystal oscillator. If the UE assumes to have received the SS at a multiple of 900 kHz but the true SS is 5 kHz lower or higher, the UE will mistune its crystal oscillator.

2.1	Example
Let us assume (without loss of generality) a UE with a nominal crystal oscillator frequency of 10 MHz. Let us further assume that the UE receives a SS whose centre frequency is at 624.605 MHz but that the UE assumes the SS to be at 624.6 MHz because it cannot detect the small frequency offset of 5 kHz during an initial cell selection.

Hence the UE will assume that it has to tune its crystal oscillator to the SS centre frequency divided by 624.6 MHz / 10 MHz = 62.46. However, since the true SS centre frequency is at 624.605 MHz rather than 624.6 MHz, the crystal oscillator will run at 624.605 MHz / 62.46 = 10.00008 MHz. This is slightly too high by a factor of 1+8·10-6.

2.2	Time drift
An obvious result from that is that the UE's time base will run slightly too fast, resulting in a time drift of 8 µs per second. This requires a frequent time resynchronization, e.g. based on the SS. Hence the frequency offset of the synchronization frequency to the next multiple of 900 kHz should be signalled to the UE in a similar manner as the synchronization signal's frequency offset to the next multiple of 100 kHz is signalled in NB-IoT in-band and guard band operation (ChannelRasterOffset-NB-r13 [3]).

To provide a mathematic expression for the time drift, let Δfsync = 5 kHz denote the synchronization frequency offset from the multiples of 900 kHz. The relative time drift of 8·10-6 can be calculated as Δfsync/fsync
where fsync is the assumed SS centre frequency.

2.3	Rx frequency offset ramp
Another effect of the wrong assumption about the synchronization frequency will be that frequencies other than 624.605 MHz will be received with a small frequency offset. Let us calculate this effect for the edges of the SSB which (at SCS = 15 kHz) are approximately 1.8 MHz below and above the SSB's centre frequency. The UE expects the lowest SSB subcarrier to be at the SSB's centre frequency minus 1.8 MHz. Since the UE believes the centre frequency to be at 624.6 MHz, it wants to receive at 624.6 MHz – 1.8 MHz = 622.8 MHz. In fact, it will receive at 622.8 MHz · (1+8·10-6) = 622.804986 MHz. Compared with the true frequency of 622.805 MHz, this is 14 Hz too low. Similarly, at the upper end of the SSB, i.e. at
624.605 MHz + (20/2·12-1)·15 kHz = 626.39 MHz, the UE will try to receive at 626.385 MHz (believing this to be the frequency of the SSB's uppermost subcarrier). In fact, however, it will receive at 
626.385 MHz · (1+8·10-6) = 626.390014 MHz which is 14 Hz too high.

This example shows that there is a small frequency offset ramp:
foffset = (f – fsync)·8·10-6
where f is the frequency of a subcarrier and foffset is the frequency offset for receiving this subcarrier.
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Figure 1:	Frequency offset for receiving a subcarrier as a function of
the subcarrier's offset from the synchronization frequency

Hence if a subcarrier in the RMSI has a frequency offset of 12.5 MHz from the SSB, the Rx frequency for receiving this subcarrier will be mistuned in our example by about 12.5 MHz · 8·10-6 = 100 Hz.

In general: foffset = (f – fsync)·Δfsync/fsync

The frequency offset will have the opposite sign if the UE, contrary to the example above, assumes the synchronization frequency to be Δfsync higher than what it actually is (e.g. 624.6 MHz instead of 624.595 MHz).

3	Conclusion
As the formulas above show, both effects – the time drift and the frequency ramp – are
· reciprocally proportional to the synchronization frequency fsync and
· proportional to the possible frequency offsets Δfsync between the synchronization frequencies and the respective nearest multiples of 900 kHz.
The synchronization frequency is essentially determined by the frequency band.
To minimize both effects, the possible frequency offsets Δfsync should not be larger than necessary, i.e.
· 10 kHz only in the frequency ranges of bands n5 and n66 and
· 5 kHz in the other frequency ranges where the synchronization raster for the LTE refarming bands applies.
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Example of a UE in band n71 assuming a 5 kHz lower sync frequency than what it actually is
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